Background: This pilot, double-blind, comparator-controlled trial evaluated the safety and tolerability of an oral targeted medical nutrition (TMN) supplement for the management of cachexia in patients with non-small-cell lung cancer (NSCLC). Methods: Patients receiving first-line chemotherapy for NSCLC with weight loss or low BMI were randomized 1:1 to receive juice-based TMN ($200 kcal; 10 g whey protein; !2.0 g eicosapentaenoic acid/docosahexaenoic acid in fish oil; and 10 lg 25-hydroxy-vitamin D3) or a milk-based isocaloric comparator twice daily for 12 weeks (ClinicalTrials.gov: NCT02515032). Primary endpoints included number/type of adverse events and changes in vital signs/laboratory parameters. Secondary endpoints included measures of clinical relevance. Survival was an exploratory endpoint. Results: The TMN group (n ¼ 26; mean 64.4 years) experienced fewer adverse events (64 vs. 87) than the comparator group (n ¼ 29; mean 66.0 years), including fewer cases of neutropenia (0 vs. 4). Compliance was slightly lower in the TMN (58.5%) vs. comparator group (73.6%). There were no statistically significant between-group differences in efficacy endpoints. Fewer (4 vs. 10) patients who received TMN than comparator had died by 1-year post baseline. Conclusions: TMN was well tolerated. Trends for improved clinical outcomes with TMN identified in this study warrant further investigation.
Introduction
Cachexia is a complex wasting syndrome, known to have a negative impact on clinical outcomes in patients with cancer and several other chronic diseases (1) . In patients with cancer, cachexia is defined as "a multifactorial syndrome characterized by an ongoing loss of skeletal muscle mass (with or without loss of fat mass) that cannot be fully reversed by conventional nutritional support, and leads to progressive functional impairment" (2) . The spectrum of cancer cachexia ranges from early-stage with minimal weight loss and/or muscle loss, to severe weight loss, muscle wasting, and severely impaired performance status (2) .
Both "pre-cachexia" (early-stage weight loss combined with systemic inflammation and anorexia) and overt cachexia are now known to be key determinants of outcomes, including survival, in patients with nonsmall-cell lung cancer (NSCLC) (3, 4) the most common type of lung cancer (5) . Importantly, cachexia has been shown to have a negative impact on response to chemotherapy (3) . Although the relationship between cachexia and chemotherapy is complicated by chemotherapy-induced weight loss (6) , patients with weight loss before chemotherapy are less likely to complete three treatment cycles and are more likely to suffer from chemotherapy-associated toxicities than those with a stable weight (7) . Cachectic patients with NSCLC also report reduced healthrelated quality of life (HRQoL) and suffer an increased rate of decline in physical function compared with those without cachexia (4, 8) . Ultimately, cachexia, including that which develops during chemotherapy, may have an impact on survival (3) . Because of its negative impact on prognosis, cancer cachexia should be treated comprehensively (9) .
Early multimodal therapy, including nutrition that has been specially formulated to treat the characteristic metabolic alterations of cachexia, is thought to be the best approach to treatment of patients with cancer (10, 11) . Nutritional supplements, including anti-inflammatory omega-3 polyunsaturated fatty acids (n-3 PUFAs), protein, and/or specific amino acids have been shown to have beneficial effects in cachectic patients with NSCLC. In randomized trials, supplementation with n-3 PUFAs has been shown to improve clinical response to chemotherapy (12) , as well as chemotherapy tolerability measures, including neutrophil and/or lymphocyte numbers (13) . Consumption of n-3 PUFA-containing nutritional supplements is also reportedly associated with improvements in HRQoL, exercise capacity (14,15), body weight, and muscle mass (15) -the latter two being evident even during chemotherapy (16, 17) .
Protein supplementation is acknowledged to be a crucial determinant for muscle maintenance in cancer, not least because intake of high quality protein is known to be required for optimal skeletal muscle protein synthesis (18) . Nutritional supplements containing leucine and n-3 PUFAs have been associated with improvements in the rate of muscle protein synthesis in patients with cancer (19) , and supplementation with a cysteine-rich protein has been found to lead to substantial weight gain in patients with NSCLC (20) . Deficiency of vitamin D is often observed in patients with cancer (21) and patients receiving chemotherapy may be at increased risk of severe deficiency (22, 23) . Given that vitamin D deficiency has been associated with poor prognosis for patients with cancer (24), supplementation with vitamin D could be beneficial in selected patients.
This pilot, randomized, double-blind, comparatorcontrolled trial is the first to evaluate the safety and tolerability of a targeted medical nutrition (TMN) ready to drink supplement containing a combination of n-3 PUFAs, 25-hydroxy-vitamin D3 and high-quality whey protein, compared with an isocaloric comparator matched for energy content, in pre-cachectic and cachectic patients with NSCLC.
Methods

Study Design
This 12-week, randomized, double-blind, parallelgroup, comparator-controlled, multicenter trial was designed primarily to assess the safety and tolerability of TMN (Nutrifriend Cachexia; Smartfish, Oslo, Norway) in patients with NSCLC (ClinicalTrials.gov identifier: NCT02515032). The study involved 16 sites across four countries (Croatia, Italy, Slovakia, and Sweden). It was conducted in accordance with good clinical practice and the principles of the Declaration of Helsinki. The study protocol and its amendments were reviewed and approved by an Independent Ethics Committee or Institutional Review Board at each study site. All patients provided written informed consent.
Patients were randomized in a 1:1 ratio to receive TMN or an isocaloric comparator drink. Randomization was implemented by Trial Form Support AB (Lund, Sweden); patients were assigned a three-digit number that allocated them to a treatment group. Patients at each site were assigned to these numbers sequentially. Access to randomization details was restricted (ensuring investigator, patient, and study sponsor blinding) until study end.
The primary objective of the trial was to assess the safety and tolerability of TMN during chemotherapy. Secondary objectives were the evaluation of the efficacy of TMN in improving measures of clinical relevance, including changes in body weight, muscle function, and lipid profiles, and compliance with TMN as an add-on nutritional supplement. Analyses of survival and chemotherapy-related outcomes were also evaluated.
Participants
Patients eligible for inclusion in the study were those initiating first-line standard chemotherapy as treatment for NSCLC; patients were required to initiate their first cycle of platinum-based chemotherapy at the baseline visit. Participants received chemotherapy every 3 weeks thereafter during the 12-week study. All standard of care medications for NSCLC were allowed, and patients continued in the study if chemotherapy was terminated or altered. All participants must have been classified as having weight loss grade 0-3 according to the classification by Martin et al. (based on weight loss/low body mass index [BMI]) (25) , and to have experienced less than 11% involuntary weight loss in the 12 months before randomization. Patients must also have had a functional performance status of 2 or less as measured by the Eastern Cooperative Oncology Group scale (26) . Patients with a second invasive malignancy, brain metastases, or relapse of NSCLC within the 2 years before randomization were excluded. Full inclusion and exclusion criteria are listed in Supplemental Table 1 .
Nutritional Intervention
Patients were randomized at baseline to receive either the juice-based TMN drink ($200 kcal; 10 g whey protein concentrate; 11 g fat including !2.0 g docosahexaenoic acid þ eicosapentaenoic acid [$1,200 mg DHA þ $800 mg EPA] in fish oil; 20 g carbohydrate and 10 lg 25-hydroxy-vitamin D3 per 200 ml) or a milk-based isocaloric comparator drink ($200 kcal; 6 g milk protein; 11 g fat including sunflower oil in place of DHA-and EPA-containing fish oil; 20 g carbohydrate and no 25-hydroxy-vitamin D3). Concentrations of components of TMN were chosen based on published literature on n-3 PUFA-containing supplements (14,27-29) and on n-3 PUFA-containing medical nutrition products from Smartfish (30) . The isocaloric comparator drink was formulated by Smartfish for the purpose of this study. Patients were instructed to drink two 200 ml packages of study product daily for 12 weeks. The study products were presented in white boxes (identical size and shape) and labeled "A" and "B", ensuring that the contents of the two test products were not identifiable. Labels in the local language containing storage recommendations were also added, according to local country regulations. Patients were asked not to consume any other products containing n-3 PUFAs or supplements with more than 150% of the recommended dietary allowance of vitamin D during the study. No exercise regimen was specified in order to limit exercise as a potential confounding factor. However, self-reported exercise was recorded throughout the study.
Outcome Measures
Primary outcomes of interest were safety and tolerability endpoints; these comprised number and type of adverse events (AEs) that occurred during the study, as well as changes in vital signs (resting systolic and diastolic blood pressure, heart rate), physical examination results, laboratory safety parameters (hematology, clinical chemistry), and concomitant medications from baseline to week 12. Several clinical measures of efficacy were included as secondary endpoints, including changes in body weight, body composition, fasting plasma levels of triglyceride and cholesterol, fasting plasma levels of inflammatory biomarkers, hand grip strength, and daily walking distance (measured by pedometer) from baseline to week 12. Appetite was evaluated using the Council on Nutrition Appetite Questionnaire (31) and a study-specific palatability questionnaire. Compliance with study product was recorded using a study-specific drink consumption diary. Changes in fasting plasma levels of omega-3, omega-6, and vitamin D3 from baseline to week 12 were also assessed. Overall survival and chemotherapy-related outcomes, including tumor size, response to chemotherapy, and chemotherapy tolerability, were examined as exploratory endpoints. Full details of all study endpoints and how they were measured are provided in Supplemental Table 2 .
Patients were assessed for all clinical and laboratory measures specified in the protocol at screening (days À30 to À1), baseline (day 1), and every 3 weeks thereafter (weeks 3-12). Follow-up assessment of treatment outcome in terms of survival was completed at 12 months post-baseline; information was obtained via the patient's general practitioner or through hospital records for patients who had not withdrawn consent during the 12-week treatment period.
Statistical Analysis
It was determined a priori that 25 evaluable patients in each of the treatment groups would be sufficient to meet the primary objective of this pilot study, based on previous experience with similar studies. Safety analyses were performed for all patients who consumed any amount of study productthis was the safety analysis set. All safety endpoints were summarized using descriptive statistics. Efficacy analyses were first performed on data from all patients who underwent a post-baseline assessmentthe full analysis set (FAS). Secondly, planned analyses were performed on data from a group of patients with high (>70%) compliance, who had completed week 12 of the study the per protocol set (PPS). This threshold for compliance was selected based on a previous study of the same TMN in patients with chronic obstructive pulmonary disease (COPD), which reported 79% compliance (30) .
For continuous secondary efficacy endpoints, differences between the two treatment groups from baseline to week 12 were assessed using analysis of covariance (ANCOVA) with baseline value as covariate. Planned analyses were also performed on blood pressure, and post hoc analyses were performed on neutrophil parameters and heart rate using the same method, owing to the known effects of n-3 PUFAs on these parameters (32) (33) (34) . Between-group differences in exploratory endpoints were assessed by Fisher's exact test or ANCOVA, as appropriate. No adjustments were made for multiple comparisons due to the exploratory nature of the analysis. All tests were twosided and statistical significance was set at P 0.05.
Data were analyzed using Statistical Analysis System (v9.3) software. Data are presented as mean change from baseline to week 12, alongside baseline-adjusted P values, unless otherwise specified. Estimated effect sizes are presented as mean (95% confidence interval) for statistically significant differences.
Results
Between 19 October 2015 and 16 March 2017, 64 patients were screened, and 55 were randomized to receive either TMN (n ¼ 26) or an isocaloric comparator (n ¼ 29) (safety analysis set) ( Fig. 1 ). Of these, 53 patients were included in the FAS (TMN, n ¼ 25; comparator, n ¼ 28), and 27 were included in the PPS (TMN, n ¼ 11; comparator, n ¼ 16). Baseline demographics and characteristics including age, sex, BMI, weight loss, and stage of NSCLC were similar between the two treatment groups (Table 1 ). There was a slight difference between groups in the levels of Martin et al. weight loss grade (25) , with patients in the comparator group having a more severe grade of weight loss/lower BMI than those in the TMN group. However, the two groups were well balanced when considering cachexia as defined by Fearon et al. (2) . Two-thirds of patients received cisplatin-and onethird received carboplatin-based therapies, and the distribution did not differ between treatment groups.
Safety
A smaller number of AEs were reported in the TMN group than in the isocaloric comparator group (64 vs. 87 events, respectively), and AEs occurred in fewer patients in the TMN group than the comparator Table 2) , none of which was considered study product-related. One patient enrolled in the isocaloric comparator group died during the 12-week treatment period owing to NSCLC, but this was not deemed related to study product by the investigator. Changes from baseline to week 12 in vital signs were slightly different between the two groups ( Table 3 ). Heart rate decreased in the TMN group, while it increased in the comparator group. This difference did not reach statistical significance in the FAS (À2.9 vs. þ5.8 bpm; P ¼ 0.07) but was significant in the PPS (À11.5 vs. þ6.7; P ¼ 0.04; effect size, À9.7 [À18.8; À0.7]). Increases in blood pressure were not significantly different between the groups but were numerically smaller in the TMN group than in the comparator group (Table 3) .
Changes in laboratory safety parameters were generally similar between the groups ( Table 3 ). The neutrophil:lymphocyte ratio decreased to a lesser extent in the TMN group than in the comparator group; this difference was not statistically significant when evaluating the FAS or the PPS (Fig. 2) .
No patient had an abnormal result that was not related to NSCLC during the physical examination (routine assessment of cardiovascular system, respiratory system, abdomen, skin, and nervous system) at week 12. Use of concomitant medications was similar between the groups and did not change over the course of the study.
Secondary Efficacy Outcomes
Patients in the TMN and comparator groups gained body weight to a similar extent over 12 weeks (FAS: þ0.8 kg vs. þ0.6 kg; NS; PPS: þ1.7 kg vs. þ0.5 kg; NS) (Table 4) , and thus the increase in BMI was also similar (FAS: þ0.4 kg/m 2 vs. þ0.2 kg/m 2 ; NS; PPS: þ0.7 kg/m 2 vs. þ0.2 kg/m 2 ; NS). There were no between-group differences in changes in waist and calf circumference, or in appendicular lean body mass (DXA FAS: þ173.5 g vs. þ87.9 g, NS) or fat mass (DXA FAS: þ437.6 g vs. þ1,188.8 g, NS), as assessed by dual-energy X-ray absorptiometry and computerized tomography (CT) scan. Changes in muscle area and visceral adipose tissue, as assessed by CT scan, did not differ significantly between the groups. A difference in change in triglyceride levels was observed between the TMN and comparator groups (Table 4) ; this was not statistically significant in the FAS analysis (þ0.09 mmol/L vs. þ0.31 mmol/L; NS), but was significant when considering the PPS (À0.28 mmol/L vs. þ0.43 mmol/L; P < 0.01; effect size, 0.63 [0.47; 0.84]). Changes in total cholesterol, and high-density lipoprotein (HDL) and low-density lipoprotein (LDL) cholesterol levels were similar between the two groups ( Table 4 ). The ratio of HDL to LDL also remained similar between the two groups, as did fasting blood glucose and serum insulin levels.
Changes in dominant and non-dominant hand grip strength favored the TMN group numerically, but were not statistically significant in analyses of the FAS or the PPS (Table 4 ). Likewise, there were numerical improvements in daily walking distance for the TMN vs. the comparator group (Table 4) , which did not reach statistical significance. Self-reported exercise was not reported routinely, about two thirds of the patients reported some exercise, mainly walking. The distribution of patients exercising was similar between the groups. No formal statistical analysis has been done on these data.
Changes in inflammatory biomarkers were similar between the groups when considering the FAS and PPS; concentrations of interleukin (IL)-6, IL-8, and C-reactive protein (CRP) decreased in both groups, whereas concentrations of tumor necrosis factor and IL-15 increased (all NS for TMN vs. comparator). Inflammation-based modified Glasgow Prognostic Scores (mGPS) were similar in the two groups and did not seem to be a predictor of mortality in this setting.
Changes in scores on the Council on Nutrition Appetite Questionnaire and palatability questionnaire were minor and did not differ between the groups.
Compliance
Compliance to study products was reasonably good in both groups but tended to be lower in the TMN group than the comparator group (58.5% vs. 73.6%; P ¼ 0.06). In the FAS, significant increases were seen by week 12 in the TMN group vs. the comparator group in omega-3:omega-6 (O3:O6) ratio (þ0.1403 vs. À0.0162; P < 0.01; effect size, 0.15 [0.1; 0.2]), as well as EPA (þ2.2% vs. À0.1%; P < 0.01; effect size, 2.3 [1.1; 3.5]) and DHA (þ1.6% vs. À0.1%; P < 0.01; effect size, 1.6 [0.8; 2.4]) as a proportion of the total fatty acids, and vitamin D3 levels (þ18.6 nmol/L vs. À7.9 nmol/L; P < 0.01; effect size, 25.3 [13.0; 37.7]) ( Fig. 3) . These differences were also significant in the PPS (O3:O6 ratio: P < 0.01; %EPA: P < 0.01; %DHA: P < 0.01; vitamin D3: P < 0.01). Figure 2 . Change from baseline to week 12 in the TMN group and the isocaloric comparator group in neutrophil:lymphocyte ratio. Data are mean ± SEM for the full analysis set; P value was estimated by analysis of covariance adjusted for baseline value. Mean change from baseline to week 12 was calculated as: week 12 value minus baseline value for each patient, divided by the n number. TMN group, n ¼ 18; comparator group, n ¼ 19. SEM, standard error of the mean; TMN, targeted medical nutrition. 
Exploratory Outcomes
Survival over 12 months from baseline was numerically higher in the TMN group than the comparator group. Fig. 4(a) shows the Kaplan-Meier survival curve; a total of four patients in the TMN group and 10 patients in the comparator group had died by the end of the 12-month follow-up period. This difference was not statistically significant. Post hoc analysis of survival in the subset of patients with pre-cachexia revealed a significant between-group difference; no patients died in the TMN group, compared with six in the comparator group (0 vs. 6 patients; P ¼ 0.02; Fig. 4(b) ). Patients in both groups responded similarly to chemotherapy as measured by several exploratory endpoints. The same number of patients in the TMN and comparator groups had either a complete or a partial response to chemotherapy by the end of the study (8 vs. 8 patients; NS). The mean change in tumor size was also similar in both groups (À23.2 mm vs. À19.8 mm; NS). Exploratory endpoints concerning chemotherapy tolerability were also similar between the groups. A similar number of patients in both groups developed dose-limiting toxicity during the study (20 vs. 23 patients; NS). The dose and/or dose frequency was lowered, and the type of chemotherapy was changed in numerically fewer patients in the TMN vs. the comparator group (4 vs. 7 patients; NS). Likewise, numerically fewer patients in the TMN vs. the comparator group required a delay between chemotherapy cycles (5 vs. 8 patients; NS). None of these conclusions was different when considering the populations in the PPS.
Discussion
In this pilot study, we have demonstrated for the first time the safety and tolerability of a targeted nutritional supplement containing n-3 PUFAs, vitamin D3, and whey protein in pre-cachectic and cachectic patients with NSCLC receiving chemotherapy. TMN was well tolerated with a favorable safety profile compared with a comparator that was matched for energy content. Signs of potential clinical benefits warrant exploration in further trials. Nutritional support is recommended for malnourished patients receiving anticancer treatment (35, 36) , and it is important to demonstrate the safety and tolerability of nutritional interventions in this vulnerable population. In this study, the AE profiles of both study products were similar. However, several safety parameters favored the TMN intervention. Blood pressure increased to a lesser extent, and heart rate decreased in patients who received TMN vs. those who received the isocaloric comparator, suggesting that TMN may have a protective effect on these vital signs. These findings are in line with previous studies that have reported antihypertensive and heart rate-lowering effects of high-dose n-3 PUFAsespecially in patients with high blood pressure and heart rate at baseline (30, 32, 33) .
Signs of a modest protective effect of TMN on immune functionincluding a numerically smaller reduction in neutrophil:lymphocyte ratio and neutrophil count, and a lower incidence of neutropenia than that observed with the comparator drinkcould warrant further exploration in larger trials. Although mGPS did not seem to be a predictor of mortality in this setting, mGPS or other similar measures may be useful in future studies. Chemotherapy commonly induces neutropenia and impairment of neutrophil function (37, 38) effects that may lead to a need for either a dose delay or dose reduction. It has been suggested that n-3 PUFAs could have a role in maintaining immune function during chemotherapy. In one randomized controlled trial, 2 g of fish oil daily reduced the risk of neutropenia in patients with cancer who were receiving chemotherapy (39) . Several other recent clinical trials focusing on n-3 PUFA supplementation have shown improved responses to chemotherapy, for example in terms of tumor response rate, number of treatment cycles received, and 1-year survival (12, 40) . It is, however, noteworthy that one study in mice suggested that n-3 PUFAs could be associated with resistance to chemotherapy (41) . Nevertheless, there is no evidence that fish oil supplementation is associated with worse outcomes in humans; it is important to point out that the current TMN, rich in n-3 PUFAs, did not lead to any impairments in response to chemotherapy in this clinical trial, in terms of the proportion of patients with a complete or partial response and mean reduction in tumor size. Together with previous studies (12, 40) , these findings illustrate the potential limitations of extrapolating animal-derived data to the clinic. Moreover, the tolerability results in this study could point towards improved chemotherapy tolerability with this TMN, as measured by numerically fewer patients experiencing AEs, developing dose-limiting toxicity, and requiring dose reductions in the TMN vs. the comparator group. These findings could have important implications for the nutritional management of patients receiving chemotherapy if replicated in larger trials.
Survival data also support a potential beneficial effect of TMN in patients with NSCLC receiving chemotherapy, with a greater number of patients in the TMN group than the comparator group surviving to 1-year post-baseline. It is encouraging that the probability of survival was greater for pre-cachectic patients in the TMN group than the comparator group, although these findings should be interpreted with caution because this trial was not designed to detect differences in survival. These data, however, support the notion that early nutritional intervention, before substantial weight loss has already occurred (25) , may be particularly important for these patients. Overall, together with the findings relating to immune function, these results suggest that TMN has a favorable safety profile in patients with NSCLC who are receiving chemotherapy and support further studies investigating the importance of early nutritional intervention in patients with NSCLC.
In this study, we report signs of positive effects of TMN on several measures of clinical relevance in patients with cancer that could be explored further. Malnutrition and weight loss are common contributors to poor prognosis in patients with cancer and are often worsened during chemotherapy (6) . Importantly, in this study, TMN was associated with body weight gain over a treatment period of 12 weeks. Interestingly, patients who received TMN gained weight to a similar degree to those who received the isocaloric comparator, despite the fact that the TMN group had lower study product intake based on compliance data. Therefore, it seems likely that weight gain could be increased further with greater supplement consumption. While patients gained weight, there was no detectable change in body composition in either group. Although an increase in lean muscle mass would have been preferable in these patients, it is noteworthy that lean body mass was not lost in either of the groups and any weight gain is itself likely to be beneficial for long-term prognosis (3, 7) . Furthermore, we cannot exclude the possibility that TMN had positive effects on muscle quality that could influence survival.
The impact of TMN on metabolic markerstriglyceride levels in particularwas generally favorable. This study was not powered to detect a betweengroup difference in these measures; however, these results are of interest for the evaluation of TMN. The directions of change observed were positive and in line with previous studies of high-dose n-3 PUFAs (42), as well as a previous study of the same TMN in patients with COPD (30) . Importantly, the HDL:LDL ratio did not change; thus, the overall change in lipid profile was considered beneficial.
Exercise capacity as measured by daily walking distance improved numerically in patients in the TMN group relative to those in the comparator group. Numerical changes in grip strength also suggested a slight potential improvement in muscle function for patients in the TMN vs. the comparator group. In a previous controlled pilot trial of TMN in cachectic patients with COPD, TMN was associated with clinically relevant improvements in exercise tolerance, but not exercise capacity or muscle function, in the absence of a prespecified exercise regimen (30) . These pilot trials have not included prespecified exercise regimens in order to avoid the potential confounding effects, but it may be of interest in the future to determine whether any effects of nutritional supplementation could be potentiated by an exercise regimen.
Compliance with nutritional supplementation in chemotherapy-treated patients with cancer is challenging, owing to treatment-induced changes in taste and appetite (43) . Fish oil-containing supplements in particular may be poorly tolerated; in a recent randomized controlled trial, compliance to an EPA-containing nutritional supplement in patients with cancer was reported to be 48% over 6 weeks (44) . In comparison, patients in the present study had 58% compliance with TMN over a longer duration (12 weeks) and there were no differences in palatability vs. the comparator. Therefore, the reason for the lower than expected compliance with TMN in this study remains to be understood. One explanation could be that the TMN product has a thicker consistency than the comparator and thus could be more filling. However, a different patient group previously had high ($80%) compliance with the same TMN (30), suggesting that there may be one or more factors, such as changes in taste, affecting compliance in this particular population of patients with cancer treated with chemotherapy (30) . Further studies could help to clarify this point.
This study has several strengths; the patient withdrawal rate was low, and patients were well characterized. The main limitation of the study was its small sample size: the study was not powered to detect between-group differences in the secondary and exploratory outcomes studied, several of which might have been expected to improve with TMN vs. comparator as previously reported (30) . Rather, the study has been useful for identifying parameters that warrant further investigation in larger trials. The use of an isocaloric comparator in this study allowed evaluation of the combination of ingredients in the TMN, although the protein content of the two drinks was slightly different. Future trials should use a comparator with matched protein content and include measurement of food consumption using a quantitative tool.
In conclusion, this pilot, randomized, double-blind, controlled trial demonstrated that TMN containing high-dose n-3 PUFAs, vitamin D, and high-quality protein has a favorable safety profile in pre-cachectic and cachectic patients with NSCLC receiving chemotherapy. Further trials are warranted to investigate potential effects on clinical outcomes.
